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SELECTIVE DELIGNIFICATION OF WOOD
AND OTHER FIBROUS MATERIALS
CHEMISTRY OF HOLOLIGNIN
SUMMARY
The present study was undertaken to gain a better understanding of
the changes wnich lignin undergoes when holopulps are prepared from aspenwood,
and, hopefully, to find suitable means of estimating residual lignin in a hoLo-
pulp. The results suggest that chlorine dioxide is a selective delignifying
agent, when high-yield pulps are prepared, but these pulps contain considerable
residual lignin which is resistant to removal by further chlorine dioxide treat-
ment Much of this residual lignin has been modified, and can be removed by
sodium hydroxide extraction, although considerable carbohydrate is removed at
the same time The residual lignin has been oxidized and chlorinated to som-
extant. It has lost some methoxyl and part of its aromatic character.
The Klason lignin determination is a poor means of estimating tea
LLgnin content of holopulps For pulps which have been extracted with sodium
hydlox-ae after chlorine dioxide treatment, the sum of the Klason and acid-soLuble
ligr in determinations is an approximation of the lignin content, but. probably is
somewhat less than tnhe actual lignin content. Lignin removed by sodium hydroxidc
extraction can be estimated from the yield of acetone-soluble materials if the
caustic extraction is made at room temperature. When the caustic extraction is
made at 90-100°C., the acetone-solubles include materials of nonlignln origin.
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INTRODUCTION
Although a vast amount of Lignin research has been carried out by many
investigators in several countries, the nature of lignin as it occurs in wood Lb
still incompletely understood. The changes which take place in the preparation
of a holopulp or holocellulose are even less clear. A better understanding of
these changes should be helpful in the development of a holopulping process.
Estimation of the residual lignln in a pulp is often desirable, but at present
reliable methods for determination of residual lignin in a holopulp are not
avaLLable. The present study was undertaken in an effort to gain knowledge
regarding the nature of the changes taking place in the preparation of holcpulps,
and hopefully to find a means of at least approximating the lignin content of a
holopulp.
It, is not possible to define lignin in an exact manner which is
satisfactory to all workers, but, in general, the term refers to the major
polymeric noncarbonydrate material in wood. It is general Ly considered that
lignl-r. is made up of oxygenated phenylpropane units and that it exists in wood
as a cross-lankea polymer, whlch in part is combined with carbohydrate mat, ra s.
The cross-links and tne lignin-carbohydrate bonds are responsible for th-
insolubility of tne original lagnin. Thus, pulping processes which depend on
deLignification probably require the ruptuie of some cross-links and some :r-
bohydrate bonds. In addition, the introduction of sotub-lizing groups may bt
niecesbary. i.e . sulfonic acid groups in sulfite pulping, thio groups in kraft
pulping, and ne nydcoxyl and carboxyl groups in oxldatlvc pulping.
Trcatmrnit of wood with acidified chlor3tc, bhlur'ne dioxide, ur
p.,racetxc arid undoubtedly conveFrts the original lagin to many di'r _'t ',- ' 
ras'ging from only slightly modLfied lignLns to relatively simple degli',J - rp}J"'d_
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In this report the term lignin is used in a broad sense Protolignin designates
the original unmodified lignln present in untreated wood Hololignin refers to
the various modified and degraded materials formed from protolignin on tLeatmcnt
with acidified chlorite, cnlorine dioxide, or peiacetic acid For convenmctcu.
wood whicn has been tluated witn the various uxid zing agent s i1 dc.lnttc'] pilp
Mo3t ot lihcse pulps aie not pipclmaking pulps because they cannot be det'ibtred
by simple stlfring with water lfter a subsequent alkaline extraction, t be pulps




When periodate lignin was oxidi zed with chlorlte at pH,4, much of the.
I undissolved product was readily soluble ia l1 sodium hydroxide, and could be
reprecipitated by acldiflcation'(L). Thus, it seemed likely that at least part
of the lagnin in holopulps could be dissolved by treating the puLp with dilute
sodium hydroxide. The problem was to find suitable means of isolatlng the dissoLved
lgnins. Acldlfication seemed necessary to liberate the free lignins from the
alkaline solutions. Hydrochloric acid was selected as the acidlfying agent,
because sodium chloride which results from the neutralization of sodium hydroxde~
with hydrochloric acid is insoluble in dry acetone. Thus, it seemed that acetone
might be used to separate the isolated llgnins from the sodium chloride.
Several procedures were tried for the isolation of'hioollgnin from
holopulp, the goal being sharp separations with a minimum of effort. There
seems to be no need to describe these in detail. Instead, the.general findings
are given.
Sodium hydroxide extraction at. room temperature does not dissolve al'
of the hololignin, especially in the high-yield pulps. More Llgninil dissolved
' ~ whort the palp is heated with the alkali, but, when thib is done tne final acet.cne-
solubLe Lignin fraction 's contaminated with materials of nolnllgnin crjg:n.
Evidence for this is given in the section on "Determination of Ligrnn in ,tlcp.,r.'
U Ilfortnatetly, this was not recognized until recently, and a hot ext.ract'on was
used to isolate the L-gnins in the section on "Analytical Characteilzation of Holo-
1 Lgrln."
Acidification of the alkaline extracts from t.be pulp precipltat-,' s'*
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the soluble materials unless considerable excess acid is used Evcn then it Ls
difficult to make a clear separation of soluble and insoluble lignils AddLtion
of acetone to the acidified extracts precipitates hemicelluloses and dissolves
-the lignin which has precipitated on acidification, but rather large amounts of
acetone are necessary for complete precipitation of the carbohydrate fractions 
After precipitation of the carbohydrates, the aqueous acetone solution contains
dissolved hololignins and sodium chloride. A partial separation of these can be
made by dialysis after removal of the acetone, but part of the hololignin passes
through the dialysis membrane along with the salt
The extracted hololignins are mostly soluble in acetone or in acetone
containing small amounts of water. Consequently, the aqueous acetone solutions
were evaporated to dryness under reduced pressure, and the dry residues were
washed thoroughly with acetone. This generally dissolved the hololigiln and lcft
the salt as an insoluble residue.
In the first part of the study, tne alkaline extracts were separated
from the residual pulp, and then were acidified Acetone was added to prec-pitate
most of the hemicelluloses In the later work, the alkaline pulp mixture was
acidified directly, and acetone was added to dissolve the Liberated hoLoligtins
The soLution of hololignin and salt then was separated from the residual pulp
and precipitated hericelluloses. The latter procedure is preferred because the
residual pulp can be washed with 90% acetone instead of water. This reduces thei
amount of water which has to be evaporated.
Although the isolated lignins are soluble in acetone, direct acetone
extraction of the pulps removes only a small amount of the lignin An acetone I'
extraction of Pulp-2, which is descTrbed later, gave only 0.7% extractable
materials, whereas the same pulp gave an average of l4 2% acetone solubLe 
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on extraction with sodium hydroxide at ruom temperature as reported later in
,\ ~Table IX.
The hololignins are strong acids, and it is necessary to acidlfy the
alkaline extracts to a low pH fur complete conversion of the-sodlum salts to
the free acids. This was not recognized in the early work, and some of the
fractions used for infrared and ultraviolet spectra may have consisted in part
of sodium salts The sodium salts are soluble in acetone-water mixtures but not
in acetone alone.
t.
Several attempts were made to isolate hololigalns from the pulping liquors,
: ~but none of the procedures used were entLrely satisfactoLy. The liquors are
believed to contain perchlorates which on concentration to dryness cause
secondary reactions resulting in the evolution of considerable gas. This
oxidative reaction can be prevented by treating the concentrated liquors with
sulfur dioxide, but sulfuric acid is formed which darkens the products on drying.
!* Most of the hololignin in the liquors passes through a dialysis membrane, and







Project 2500 Report Two
SPECTRAL CHARACTERIZATION OF HOLOLIGNIN
Infrared and ultraviolet absorption spectra are often used in the
characterization of unknown materials. For complex materials like lignin,
infrared spectra are useful for the detection of certain atomic groupings such l .
as allphatic and aromatic carbon-hydrogen, and carbonyl and hydroxyl groups. The 
ultraviolet spectra of lignin materials are'more or less characteristic, but
except for the indlcatlon of aromatic nature, these spectra are difficult to 
interpret in the case of lignin.
Substances containing phenolic hydroxyl groups show greater ultraviolet
absorptivity in alkaline solutions than in neutral solution, and Goldschmid (2)
suggested a method for estimating the nonconjugated phenolic hydroxyl content of
lUgnin preparations from the increase in absorptivity at 300 nm. Both nonconjigated
and conjugated phenolic hydroxyl groups show an increase in absorptivity at 250
nm. in the alkaline solutions, but a standard for the latter type was not proposed
Ultraviolet absorption is often used as a basis for quantitative analysis
of soluble materials, but there are two difficulties with nonspeclfic:materials
such as lignin. establishment of a reliable standard is uncertain, and secondly
contaminants which absorb at the selected wavelength are often pres-lt . Pearl
and Busche (3) reviewed the estimation of acid-soluble lignLn in KLason lignia
filtrates from aspenwood, and suggested a standard absorptivity of 105 at 208 rnm.
At this wavelength interference from carbohydrate degradation products was at a
minimum.
For the characterization of holollgnins by means of their ultraviolet
and infrared spectra, lignins were isolated from five pulps: Pulps A, B, C, D,
and E. These were all prepared from aspenwood, the first three using acidified
I
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chlorite, and the last two peracetic acid. Pulps A and B were made from alkali
pretreated aspen shreds using chlorite equivalent to 67 and 12 5% chlorine dioxide,
respectively, based on the wood The last three pulps were from aspenwood meal
and their Klason lignin contents were 1.8, 8.5, and 0.4%,respectively
Holollgnins were isolated from these pulps by extraction with 0 1 to
0 2N sodium hydroxide for 1 to 2 hours at room temperature. The extracts were
separated from the residual pulp. After acidification, acetone was added to
precipitate hemicelluloses. Two lignln fractions differing in water solubility
were isolated from the aqueous acetone solutions, but the fractions designated
water-soluble still contained appreciable water-insoluble material. Yields of
fractions from Pulp A and Pulp C, and ultraviolet absorptivities are given in
Table I. Absorptivities for a milled wood lignin (MWL) (4) are included for
comparison Similar data for the lignins from the peracetic acid lignins are
given in Table II. The yields for the lignins from Pulp B were 7.8% water-
insoluble Lignin-5 and 1 1% water-soluble Lignin-6. The ultraviolet absorptivities
for these two samples were not determined.
The data in Table I show that the absorptivities for the chlorite
hololignins are similar to those for milled wood lignin, but generally are lower
In the range from 230 to 290 nm and higher from 290 to 320 nm. There was
essentially no increase in the absorptivity at 300 nm for the alkaline solutions,
and thus there is no evidence for any nonconjugated phenolic hydroxyl groups. The
small increase at 250 nm. may be due to a small amount of conjugated phenolic
hydroxyl groups, but this is quite uncertain.
Table II indicates that the absorptivities of the peracetic acid
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Subsequent results, which are reported in Table V, indicated that the absorptlvitles
of the various hololignlns are quite variable. Consequently, ultraviolet absorption
seems to be of only limited value for the estimation of holollgnin because of a
variable absorptivity and because of a lack of a suitable standard.
Infrared spectra for some of the aqueous-acetone insoluble fractions
indicated that these consisted of oxidized carbohydrate materials. The infrared
spectra of Lignin-l, Llgnln-2, Lignin-4, and Llgnin-5 were quite similar and
indicated the presence of aromatic, carbonyl, and hydroxyl groups, and allphatic
carbon-hydrogen. (The spectrum of Llgnln-3 was not determined.) Llgnin-6, which
was mostly soluble in water, showed stronger carbonyl and hydroxyl bands, but
weaker bands for aliphatic carbon-hydrogen and aromatic groups. All of the
spectra were somewhat similar to the spectrum of isolated native aspen lignin, ,
except for the stronger carbonyl band and for a shift in the aromatic bands in 1
the regions of 6.2 to 7.2 and 8.5 to 10.0 um. This shift is probably due to a
difference in pattern of substitution of the aromatic rings.
The infrared spectra of the peracetic acid hololignins like the |
chlorite lignins showed bands for aromatic, carbonyl, and hydroxyl groups, but
the bands for the aromatic groups were not shifted from those in the spectra of 
isolated native lignin.
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to reduce any chlorate which was present. The pulp yield was 88 8% based on
the unextracted wood.
PREPARATION OF LIGNIN FRACTIONS
An allquot of the chlorite liquor from Pulp-l was evaporated nearly to
dryness, and the moist residue was extracted with acetone Evaporation of the
solution gave a residue which on drying liberated large numbers of small gas
bubbles and a nitric acidlike odor suggesting that additional chlorine dioxide
was liberated. The dry product was extracted with acetone and a small amount of
acetone-insoluble material was discarded. The final product was light in color.
The formation of gas and also the analytical data suggest that this product under-
went secondary reactions during its isolation. It is referred to as Lignin-7.
Evidently, the sulfur dioxide treatment of the dilute liquor did not remove all
of the oxidizing agents in the liquor.
In an attempt to avoid the secondary reaction, another one-fifth
aliquot of the liquor was concentrated to about 100 ml and this solution was
saturated with sulfur dioxide. The solution was evaporated nearly to dryness
under reduced pressure, and the residue was dlled in a vacuum desiccator contain-
ing potassium hydroxide. There was no evolution of gas, but there was a decided
odor of hydrogen chloride, and the final product was very dark in color Thus,
there may have been some decomposition due to the hydrogen chloride. This
product was dissolved in acetone (10 ml per gram), and the solution was added
dropwise to absolute etner with stirring (20 ml ether per rml. solution). The
material which precipitated was washed three times with ether, and the final
product was designated Lignin-8. Tne material which remained in the etner-acetone
solution was designated Lignin-9 Approximately 70% of the latter fraction was
Page 14
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readily soluble in ether. This fraction amounted to about 6% of the pulp, but
it was not obtained in a dry condition and was not characterized The yields of
the other fractions are given in Table III. 
Lignin fractions were isolated from an aliquot of-the pulp. In an
effort to minimize alkaline oxidation, the pulp was evacuated in a desiccator,
water was added, and the mixture was kept under vacuum for 0.51hour to remove
most of the air. After release of the vacuum, the surface of the mixture was
swept with nitrogen until the acidification step. Sufficient 3N sodium hydroxide
was added to make the mixture 0.5N with respect to alkali. After 15 minutes at
room temperature, the mixture was heated in a steam cone for one hour. After
cooling to room temperature, the mixture was acidified with 3N hydrocnloric acid,
and 2 volumes of acetone were added. The mixture was filtered, and the residual
pulp, which consisted of fiber bundles, was washed with acetone - water 2 1
and finally with water. The yield of residual pulp was 63.0% based on the
original unextracted wood.
The aqueous acetone solution from above was concentrated, and the
resulting aqueous solution was dialyzed against distilled water for 7 days with
a change of water each day. The solutions from outside of the dialysis bag were
evaporated to dryness, and the residues were extracted with acetone. The acetone-
extracted materials were combined to give a fraction designated Lignin-10.
The material remaining in the dialysis bag consisted of a water solution
and a light brown-colored insoluble material. These were separated, and each
was reduced to dryness. The residue from the water solution was not appreciably
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The water-insoluble fraction from the dialysis bag was partly soluble
in acetone, and was almost completely soluble in 95% acetone. This fraction was
designated Llgnln-12. Yields of the above fractions are given in Table III, and
the isolation scheme is summarized in Fig. 1.
ANALYTICAL DATA
Analytical data for the wood, pulp, and various isolated fractions are
given in Tables III and IV. Klason lignin, acid-soluble lignin, sugars, and
methoxyl were determined by the usual Institute procedures except that for the
isolated lignln fractions, 3 ml. of 72% acid was used per 50-mg. sample. For the
wood and pulp, acid-soluble lignln was estimated from the maximum absorbance near
210 nm. using an absorptivity of 105 for aspen lignln at this wavelength. For the
isolated lignin fractions, acid-soluble lignln was estimated from the absorbance
of the Klason lignln filtrates at 280 nm using an absorptivity of 13 6 for aspen
lignin.
The Klason lignin filtrates from the five isolated llgnin fractions were
examined for sugars by the paper chromatographic method. There was no evidence
of any sugars in Llgnin-7 from tne liquor or in any of the three fractions
isolated from the pulp The limits of detection are about 0.2% for each sugar,
and thus tnese fractions contain less than about 1%, if any, carbohydrate material
Lignin-8 isolated from the liquor gave results indicating the presence of 0.5%
glucan, 0.9% xylan, and 0.4% galactan, or 1.8~ total carbohydrate Tnere was an
indication of uronlc acids or other acidic material in this fraction and also in
Lignln-7 and in Llgnin-10 from the pulp, but not in the other two fractions from
the pulp.
Approximately 50-mg. samples of the isolated lignins dissolved in 150 mi.
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in the same solvent. In each case, there were two inflection points in the
titration curve. The results were calculated as acid numbers (milligrams of -
potassium hydroxide equivalent to one gram of sample).
Total chlorine was determined using the Schonlger procedure for -
combustion and the Volhard procedure for titration. Water-soluble chlorides were
determined on two of the fractions, and are reported in Table IV These may be
due to tne presence of sodium chloride, although this seems unlikely in the case
of Lignln-12 which was retained in the dialysis bag Water-soluble chlorides >
were not determined in Lignin-1O because of the absence of ash in this fraction
In addition to the data in Table IV, total chlorine was determined in Llgnin-7 '
and in Lignin-ll In these two cases, only 5-mg. samples were used, and thus 
the results are approximate. The results indicated 11% chlorine in Lignin-7
and 4% in Lignin-L1.
The three main lignln fractions were submitted to the Geller Laboratories
for determination of carbon, hydrogen, oxygen, and ash after combustion. Lignin-7 
and Llgnin-ll were ashed at the Institute. In order to minimize any possible
loss of sodium chloride, the latter two samples were ignited first at 5250, and
then weie treated with sulfuric acid and reignited at 850 ° . L]gn]n-7 gave 19.4%
residue at 525 ° and 22.1% sulfated ash, and Lignin-11 gave 3.9% ash at 525 ° and
5 0% sulfated ash In both cases, the residues at 525 ° appeared to consist
largely of sodium carbonate, but the residue from LignLn-7 also seemed to contain L
appreciable carbonaceous material. If the sulfated values are calculated as
sod'unm carbonate, they give 16.5% for Lignin-7 and 3.7% for Llgnin-l1
Ethanol - water 2 1 solutions were used for determination of the
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TABLE VI
CALCULATED VALUES
Carbon in lignin, g./100 g. wood
Hydrogen in lignin, g./100 g. wood
Methoxyl in lignin, g./100 g. wood
Carbon in MeO, % of sample
Non-MeO Carbon, % of sample
Hydrogen (2H) in MeO, % of sample






























































aCalculated from the data for aspen native lignin.
bCalculated from the data for milled wood lignin.
CC-9 represents a phenylpropane unit with variable amounts of methoxyl.
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oxygens per C-9 is 6.9, 6.4, and 5 2 for Llgnin-8, Llgnin-lO, and Llgnin-12,
respectively, rather than 5.9, 5.7, and 4.5 as reported in the table. Likewise
any error in the analytical values for cnlorlne would affect the calculated number
of chlorines per C-9 - -
The hot alkaline extraction used to isolate the llgnlns from Pulp-1
may have resulted in contamination of Lignin-10, Llgnln-1l, and Llgnin-12, but
not Llgnin-8 which was isolated from the chlorite liquor. The relative influence
of this possible contamination is unknown at present. In any case the values
in Tables V and VI should be considered provisional rather than final.
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DETERMINATION OF LIGNIN IN HOLOPULPS
In Report One, the lignin content of holopuips was estimated by the
Klason method. Tne results given in the previous section indicate that tne Klason
lignln accounts for only a small part of the lignin present in chlorite nolopulps
Klason llgnln plus acid-soluble llgnln is a better measure of the lignln, but this
summation still seems to give results that ale too low On the basis of the
results of this study, it seemed likely that llgnln in the holopulps might be
estimated, at least approximately, by determining the amount of acetone-soluble
material that could be extracted with alkali, and adding to this the Klason and
acid-soluble lignln remaining in the pulp after the alkaline extraction In
order to test this possibility, three pulps were prepared.
Aspen pin chips were extracted with ethanol - benzene 1 2, and the
extracted wood was heated in a steam cone with 0.IN sodium hydroxide in a
nitrogen atmosphere After removal of the alkaline solution, the wood was
washed thoroughly with water, 0 5% acetic acid, and finally with water again
One portion of the pretreated wood was treated wltn sodium chloride
equivalent to 18% chlorine dioxide and acetic acid for about 7 hours at 5C°C
The resulting pulp, -hlcn was designated Pulp-2, was obtained ir. a yltld of 93 0%
based on the pretreated wood Another portion of the extracted and sodium hydroxide-
t.reated wood was treated twice in the above manner except that the amount of
chlor te was doubled in each treatment, equivalent to 72% total cnLorine dioxide
Tlhis >as designated Pulp-3 Preparation of' these pulps is summarized In Fig 2
In order to prepare a pulp with a still lower lmgnin content, a portion
of P;lp-3 was rechlorited with sodium cnlorite equivalent to 36% cnlorinc dmcylde




Project 2500 Report Two
period and then was heated at 50-55 ° in the same manner during the second week
At the end of this period, the mixture still gave a positive test with starch
iodide paper. Finally, the mixture was heated without a cover for 1l6hours at
~-i
55°. This pulp was designated Pulp-4. -~




Alkaline Extract Pretreated Wood
72% C 10'
18% C102 /2 cr ,
ul /^ P 3108% C102 (total) $ p
Pulp 2 Pulp-3 + Pulp-4
i 
<1!
Figure 2 Preparation of Pulps for Llgnin Estimation
Klason and acid-soluble lignin contents were determined for the sodium
hydroxide-treated, solvent-extracted wood and for the three pulps. The results
along with the pulp yields are given in Table VII The acid-soluble values were
determined from the absorbance of the Klason filtrates at 208 nm. using 105 as
the standard absorptivity of aspen lignln at this wavelength
I
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LIGNIN DETERMINATIONS AND YIELD










apercentage of the pretreated wood, o.d. basis.
The data for Pulp-2 in Table VII illustrate the unreliability of the
usual lignin determination for a holopulp. Since the yield was 93%, only 7%
lignin could have been removed in the pulping operation leaving 16.8% lignin in
the pulp. The analytically determined value is less than half of this.
Previous results had indicated that sodium hydroxide extractions at
about 100°C. removed more lignin from the holopulps than-did room temperature
extractions. Consequently, the first extractions were carried out at the higher
temperature. The results, however, indicated that the acetone-soluble fractions
from the hot extractions contained considerable material of nonlignin origin.
The hot extractions were carried out as follows: The airdry pulps
weru ground in a Wiley mill using a 20-mesh screen. A one-gram sample in a
25 x 200 mm. test tube was flushed with nitrogen and was kept in a nitrogen
atmosphere until the acidification step. Twelve milliliters of 0.5N sodium
hydroxide were added. After standing at room temperature for one hour, the
mixture was heated in a steam cone for one hour. After standing at room temper-
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RESULTS FOR ROOM TEMPERATURE SODIUM HYDROXIDE EXTRACTIONS
Pulp-2 Pulp-3
Residual pulp, % 84.7 84.6 96.7
Acetone-soluble, - - 11 14.3 3.4
Klason lignin in residual pulp, %a 0.9 0.9 0.0
Acid-soluble lignin in residual pulp, %a 1.8 1.7 0.4
Total lignin, ob 16.8 16.9 3.8
Residue, % 0.3 0.5 0.0










aBased on the original pulp.
bSum of acetone-soluble, Klason, and acid-soluble lignin in residual pulp.
CSum of residual pulp, acetone-soluble, and residue.
Although the actual lignin contents of these pulps are not known it seems
impossible that Pulp-4 can contain as much as 11 lignin. In addition, it seems
highly unlikely that Pulp-4 contains more lignin than Pulp-3. Consequently, it was
concluded that the acetone-soluble fractions of the hot sodium hydroxide extracts
contain some materials of nonlignin origin, and that these fractions are not a
suitable measure of the lignin content.
Room temperature sodium hydroxide extractions then were tested, and the
results are given in Table IX. These extractions were made in the manner described
above for the hot extractions except that the pulp was allowed to stand at room
temperature for three hours with the alkali without any heating. The procedure
is summarized in Fig. 3. Since the values for the acetone-soluble fractions seemed











remaining in the residual pulps was estimated by the Klason and acid-soluble
lignin procedure using a standard absorptivity of 105 at 208 nm.
: I
;
Pulp (I g. o.d. basis)
12 ml. of 0.5N NaOH
3 hours
2.1 ml. 3N HC1
105 ml. Acetone












weight corrected for NaC1
Residue
Acetone-soluble Fraction
Figure 3. Estimation of Hololignin in Holopulps
The total lignin values in Table IX for Pulp-2 agree very well for the
minimum lignin content estimated for this pulp, and the values for the other two
pulps at least seem possible.
There are three possible sources of error in the total lignin values
as determined above. Any material of nonlignin origin in the acetone-soluble
fraction would give high results. Likewise, any nonlignin material which absorbed
light at 208 nm. in the acid filtrate would give high results. On the other hand,
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The above procedure was devised for "pulps" which have not been treated
with alkali after the chlorite treatment For pulps which have been defibered
witn alkali, the sum of Klason and acid-soluble lignin contents may be a
suitable-estimate of-total lignln content.
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Pulps A, B, C, D, and E were prepared by R. B. Kesler and V Van Drunen.
Infrared and ultraviolet -spectra and the various analyses were made by
the following members of the Analytical Group L. G. Borchardt, Valerie Estes,
Margaret Hollenback, Sue Johnson, Carl Piper, L. O. Sell, and A. Wegner. Mr.
Sell interpreted the infrared spectra
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APPENDIX
SAMPLE DESIGNATION "'
In this report, designations for the isolated lignins and-the pulps
were not those assigned originally. To permit any possible future.reference to
the original work, the equivalent designations are given:













Lignin Pl 124A2350 
Lignin-P2 124B2350 '
Lignin-P3 119E2350 
Lignin-P4 120A2350 ,
Pulp-A C-7
Pulp-B L i
Pulp-C 22
Pulp-D 20-32" 
Pulp-E 20-255"
Pulp-1 11B2475
Pulp-2 74B2475
Pulp-3 77A2475
Pulp-4 86A2475
